I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

The administration of intravenous recombinant tissue plasminogen activator (rt-PA) in acute ischemic stroke (AIS) within 3 h of symptom onset has been known to improve the outcome as per The National Institute of Neurological Disorders and Stroke (NINDS) rt-PA Stroke Study.\[[@ref1]\] There was 30% relative risk reduction of death or disability at the 90-day follow-up with rt-PA treatment.\[[@ref1]\] The window period was extended to 4.5 h following the results of the European Cooperative Acute Stroke Study III.\[[@ref2]\] However, with the advent of intra-arterial thrombolysis/endovascular mechanical thrombectomy and demonstration of their superiority in the recent studies with respect to recanalization of occluded vessels and outcome, intravenous thrombolysis (IVT) has lost its sheen among the interventional neurologists worldwide.\[[@ref3][@ref4]\] However, IVT still has a role to play in the management of AIS in the resource-poor settings of the developing countries. The present study was aimed at determining the usefulness of IVT and the subset of patients who will benefit in AIS within 4.5 h.

M[ATERIALS AND]{.smallcaps} M[ethods]{.smallcaps} {#sec1-2}
=================================================

This was a prospective, single center, and observational study. The study was approved by the Institutional Scientific Committee and ethics review board. Patients with AIS within 4.5 h of symptom onset who underwent IVT were studied prospectively. The study period was from October 2011 to October 2015. In total, 97 patients with AIS presenting within 4.5 h, who had received IVT with rt-PA were analyzed. Patients presenting within 4.5 h of symptoms suggestive of stroke were evaluated by a neurologist. Patients underwent nonenhanced computed tomography (CT) scans of the brain which were evaluated by a neurologist or a radiologist or both. Informed consent was obtained from all eligible patients. Inclusion and exclusion criteria were according to guidelines proposed by the American Heart Association/American Stroke Association.\[[@ref5]\] All patients were treated with IV rt-PA (alteplase, Boehringer-Ingelheim, Ingelheim, Germany). A dose of 0.9 mg/kg with 10% as a bolus and the rest as an infusion over 1 h was given to the eligible patients. They were admitted in intensive care unit for monitoring for the first 24 h. Follow-up CT scan of brain was done at 24 h postthrombolysis in all patients.

Data {#sec2-1}
----

### Demographic data and clinical characteristics {#sec3-1}

Data on the demographic characteristics, presenting symptoms, risk factors such as hypertension, diabetes mellitus (DM), dyslipidemia, ischemic heart disease, atrial fibrillation, rheumatic heart disease, alcohol, and nicotine abuse, etc., time of symptom onset (defined by the time they were "last seen to be well"), time from symptom onset to rt-PA administration (onset to needle time), door to needle time (time from presentation to the hospital to initiation of thrombolysis), dose of rt-PA, Dense cerebral artery sign, age, glucose level on admission, onset-to-treatment time, NIHSS on admission (DRAGON) score,\[[@ref6]\] National Institute of Health Stroke Scale (NIHSS) score at admission, at day 1, day 7, and day 90 were recorded.\[[@ref7]\] Various subtypes of ischemic stroke as per the Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria were determined.\[[@ref8]\] Patients were followed up at day 90 for clinical assessment and to record the outcome. The hospital mortality and its causes were recorded. Symptomatic intracerebral hemorrhage (ICH) was defined as per NINDS rt-PA stroke study criteria, which is hemorrhage associated with worsening of ≥1 point on the NIHSS score.\[[@ref1]\]

### Investigations {#sec3-2}

Following laboratory data were collected: Hemoglobin level, total leukocyte count, platelet count, packed cell volume, prothrombin time and international normalized ratio, activated plasma thromboplastin time, blood urea nitrogen, serum creatinine, serum electrolytes, random blood sugar (RBS), glycated hemoglobin, fasting lipid profile, serum homocysteine, D-dimer, serological testing for human immunodeficiency virus, hepatitis-B virus, and syphilis. The following imaging characteristics were noted: The presence of signs of AIS at baseline CT scan, vascular territory involved (anterior cerebral, middle cerebral, vertebrobasilar artery, and watershed areas), angiographic findings (normal, occlusion of internal carotid, middle cerebral (M1 and M2), anterior cerebral, and vertebrobasilar artery) and presence of asymptomatic and symptomatic ICH.

### Outcome {#sec3-3}

The functional outcome of each patient was assessed using modified Rankin scale (mRS) and Barthel Index (BI). The mRS score was recorded at day 7 and day 90 and BI at day 90. BI evaluates 10 domains of activities of daily living which include feeding, grooming, bowel, and bladder, bed-to-chair transfer, dressing, mobility, bathing, toilet, and climbing stairs.\[[@ref9]\] Favorable outcome was considered as an mRS score of ≤2 and BI score of ≥95.

Statistical analysis {#sec2-2}
--------------------

The frequency with percentage was calculated for categorical variables and mean ± standard deviation with range was calculated for continuous variables. Student\'s unpaired *t*-test was used for the comparison of continuous variables and the Chi-square test for the proportions. The predictors of outcome were determined by univariate analysis that included the following variables: Demographic (gender, age), risk factors such as hypertension, DM, dyslipidemia, ischemic heart disease, atrial fibrillation, rheumatic heart disease, alcohol and nicotine use, systolic and diastolic blood pressure, NIHSS score at admission, onset to needle time, dose of rt-PA, RBS, glycated hemoglobin, serum homocysteine level, DRAGON score, abnormalities on angiography, asymptomatic and symptomatic hemorrhage, subtypes according to TOAST classification. Variables with a significant *P* value (≤0.05) in univariate analysis were considered for multivariate analysis (logistic-regression analysis). Statistical analyses were performed using SPSS 17 software, IBM. inc, Texas, USA.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

A total of 97 patients were thrombolysed intravenously with rt-PA during the study period. Baseline characteristics of the patients are shown in [Table 1](#T1){ref-type="table"}. AIS in the anterior circulation was seen in 85 (87.6%) and in posterior circulation in 12 (12.4%) patients. The mean onset to needle time in all patients was 177.2 ± 62 min (range: 60--360). A total of 57 patients (59%) were thrombolysed within 180 min; 36 (37%) in between 180 and 270 min, and 4 (4%) above 270 min of symptom onset. The mean door to needle time in all patients was 45.8 ± 7.0 min (range: 30--55) with median of 45 min. All the patients were thrombolysed within the recommended 60 min or less of their arrival to hospital. The dose of rt-PA used was 50 mg in 65 of the 97 patients. 20 patients received 60 mg, and 12 patients received 70 mg.

###### 

Baseline characteristics of 97 patients' thrombolysed with recombinant tissue plasminogen activator

![](JNRP-8-38-g001)

Outcome according to stroke subtype {#sec2-3}
-----------------------------------

The outcome of patients following IVT with respect to stroke subtype is shown in [Table 2](#T2){ref-type="table"}. Cardioembolic stroke and small vessel occlusion subtype had favorable outcome.

###### 

Outcome according to the stroke subtype
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Outcome at 3 months {#sec2-4}
-------------------

At 3 months follow-up, favorable outcome in the form of functional independence (mRS score ≤2) was seen in 65 patients (67.1%) and poor outcome including death (mRS score ≥3) in the remaining 32 patients (32.9%). One patient died within 1 week due to refractory cardiogenic pulmonary edema and another patient within 2 weeks due to sepsis.

Radiological findings {#sec2-5}
---------------------

Angiographic abnormalities were noted in 46 (47.4%) patients. Internal carotid artery occlusion was noted in 27 (58.7%) patients, middle cerebral artery occlusion in 13 (28.3%) patients; and vertebrobasilar artery occlusion in 6 (13%) patients. Repeat angiography was done in 4 patients postthrombolysis within 48 h. There was total recanalization in 2 patients \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

![Brain magnetic resonance imaging diffusion-weighted imaging shows bright signal in the right middle cerebral artery territory (a) (red arrow); apparent diffusion coefficient shows corresponding dark signal (b) (red arrow); magnetic resonance angiography at admission shows nonvisualization of M2 (c) (red arrow); magnetic resonance angiography at 48 h postthrombolysis shows recanalization (d) (red arrow)](JNRP-8-38-g003){#F1}

![Brain magnetic resonance imaging diffusion-weighted imaging shows bright signal in the left middle cerebral artery territory (a) (red arrow); apparent diffusion coefficient shows corresponding dark signal (b) (red arrow); magnetic resonance angiography at admission shows nonvisualization of M2 (c) (red arrow); magnetic resonance angiography at 48 h postthrombolysis shows recanalization (d) (red arrow)](JNRP-8-38-g004){#F2}

Predictive factors of outcome {#sec2-6}
-----------------------------

Factors predicting favorable outcome were age \<65 years (*P* = 0.02), NIHSS \<15 (*P* \< 0.001), small vessel occlusion (*P* = 0.006), cardioembolism (*P* = 0.006), and RBS \<250 mg/dl (*P* \< 0.001). Factors predicting poor outcome were DM (*P* \< 0.001), dyslipidemia (*P* = 0.02), higher NIHSS score at admission (*P* \< 0.001), NIHSS \>15 (*P* \< 0.001), higher RBS at admission (*P* \< 0.001), RBS more than 250 mg/dl (*P* \< 0.001), higher diastolic blood pressure (*P* = 0.04), higher DRAGON score (*P* \< 0.001), DRAGON score \>5 (*P* \< 0.001), higher glycated hemoglobin level (*P* \< 0.001), elevated serum homocysteine level (*P* = 0.004), large artery occlusion (*P* \< 0.001), asymptomatic hemorrhage (*P* \< 0.001), and symptomatic hemorrhage (*P* = 0.02). The predictive factors of outcome following IVT have been summarized in [Table 3](#T3){ref-type="table"}. On multivariate analysis, following factors were significant predicting poor outcome: DM (*P* = 0.01), dyslipidemia (*P* = 0.01), NIHSS at admission \>15 (*P* = 0.03), RBS \>250 mg/dl (*P* = 0.01), DRAGON score \>5 (*P* = 0.03), and occlusion of large artery (*P* = 0.02).

###### 

Predictive factors of outcome after intravenous thrombolysis
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Occlusion of cerebral artery cause critical reduction in cerebral perfusion pressure within minutes that results in central infarct core with irreversibly damaged cerebral tissue and surrounding hypoperfused ischemic penumbra with still viable cerebral tissue. The role of thrombolytics is to salvage the ischemic penumbra by restoring the blood supply. The present study was aimed at analyzing the data of 97 patients who underwent IVT which was collected over a 4-year period. We found a favorable outcome at 3-month follow-up in 67% patients. Favorable outcome was seen in 39% patients in the NINDS trial.\[[@ref1]\] According to the Safe Implementation of Thrombolysis in Stroke-Monitoring Study (SITS-MOST), 54% patients had a good outcome, and study by Litwin *et al*., 61% patients had favorable outcomes.\[[@ref10][@ref11]\] The rate of symptomatic hemorrhage in our study was % as compared to 6.4% in the NINDS study and 3.3% in the Standard Treatment with Alteplase to Reverse Stroke study.\[[@ref12]\]

We found that patients with age \<65 years had favorable outcome following IVT. However, age more than 65 years did not predict poor outcome either. A meta-analysis of individual patient data from 6756 patients in nine randomized trials comparing alteplase with placebo or open control showed that the proportional benefits were similar for patients aged older than 80 years compared with younger patients.\[[@ref13]\] In the study by Caso *et al*., age was not the independent risk factor for adverse outcome.\[[@ref14]\] However, study by Mouradian *et al*., reported that older patients with more severe baseline stroke had lesser benefit with IVT as compared to younger patients.\[[@ref15]\]

The previous reports have shown that women with AIS on conservative treatment have worse functional outcomes as compared with men.\[[@ref16]\] A systematic review on the outcome of intravenous rt-PA according to gender by Meseguer *et al*. showed no evidence of gender differences in outcomes after IV rt-PA therapy.\[[@ref17]\] We also found no gender differences in the outcome following IVT.

We found that the patients with cardioembolic stroke and small vessel occlusion had favorable outcome. However, patients with large artery occlusion had poor outcome following IVT. Favorable outcome of cardioembolic stroke post IVT may be related to fresh blood clots that get easily dissolved by thrombolytic agents rather than old blood clots. A study by Molina *et al*., reported that the rate of complete recanalization at 6 h was higher (*P* = 0.006) in patients with cardioaortic embolic (CE) stroke compared to those with other stroke subtypes.\[[@ref18]\] Another study by Prefasi *et al*., (2014) reported that CE infarctions might benefit more from IV rt-PA than other etiology.\[[@ref19]\] A study by the Helsinki Stroke Thrombolysis Registry Group found that patients with small-vessel disease strokes were likely to have a good outcome.\[[@ref20]\] A study by Pan *et al*. found that patients with small-vessel disease strokes had a good outcome.\[[@ref21]\] Favorable outcome in small-vessel disease may be attributed to younger age and milder stroke severity.\[[@ref22]\] The occurrence of atheroma and embolism apart from lipohyalinosis alone and perfusion defects on magnetic resonance imaging perfusion scan has been attributed to the beneficiality of thrombolysis in lacunar infarcts.\[[@ref23][@ref24]\] There is chance of worsening in patients with lacunar infarcts even though they have milder stroke severity. Early neurological deterioration has been reported to occur in 20--30% patients with lacunar infarcts.\[[@ref25]\] A study by Caso *et al*. reported that patients with carotid artery occlusion had poor outcome.\[[@ref14]\]

The onset to treatment time (OTT) is critical to the success of IVT treatment. Earlier the institution of rt-PA better is the outcome as evidenced by several large trials. About two-thirds of patients in our study received rt-PA within 180 min of onset of symptoms. This can explain the higher rate of favorable outcome (67%) in our study. The NIHSS score on admission has been shown to be directly related to patients' outcomes. We found that patients with NIHSS score \<15 had a favorable outcome. A study by Demchuk *et al*. found that milder baseline stroke severity was an independent predictor of favorable outcome following IVT.\[[@ref26]\] A study by Pan *et al*. found that patients with lower NIHSS score at admission had a good outcome.\[[@ref21]\]

Dyslipidemia has also been reported to affect the outcome of patients after receiving IV rt-PA. This is due to the formation of nondissolvable lipid-rich thrombus, which could in turn cause larger infarction and hemorrhagic transformation.\[[@ref27]\] We found that patients with dyslipidemia had a poor outcome. A study by Bruno *et al*. showed that with increasing admission blood glucose and admission mean blood pressure, the odds for favorable outcome progressively decreased.\[[@ref28]\] In our study, patients who had poor outcome had significantly higher diastolic blood pressure. We found significantly elevated serum homocysteine level in patients who had poor outcome. A study by Zhong *et al*. found that high plasma homocysteine level was associated with increased risk of major disability in women but not in men.\[[@ref29]\] Hyperglycemia at the onset of acute stroke may adversely affect the outcome. We found that patients who are diabetic and RBS of more than 250 mg/dl had a poor outcome. DM is also associated with reduced fibrinolysis capacity and increased the concentration of serum plasminogen activator inhibitor-1.\[[@ref30]\] Patients with DM had less chance of improvement, lower rate of functional independency, and a higher rate of mortality as per SITS-MOST.\[[@ref10]\]

The DRAGON score predicts functional outcome in the hyperacute phase of IVT treatment of ischemic stroke patients.\[[@ref6]\] The score consists of 6 parameters with a maximum score of 10 that includes: dense cerebral artery sign or early infarct signs on admission CT head scan, age, glucose level on admission, OTT, NIHSS on admission. In our study, patients with DRAGON score of more than 5 had poor outcome.

The limitations of the study are that the sample size was small and was a single-center experience. We did not do repeat angiography in a large number of patients post thrombolysis in whom there were angiographic abnormalities.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Intravenous rt-PA has been found to be useful in treatment in AIS within 4.5 h of symptom onset. However, all patients with AIS do not benefit from IV rt-PA. There is need to identify subgroups of patients who will benefit from rt-PA, especially in resource-poor settings. Milder baseline stroke severity, blood glucose \<250 mg/dL, younger patients (\<65 years), cardioembolic stroke, and small vessel occlusion benefit from rt-PA. The presence of hyperglycemia (RBS \>250 mg/dl), dyslipidemia, severe baseline stroke severity, higher DRAGON score, and large artery occlusion have poor outcome with IV rt-PA.
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